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$\gamma=\gamma(s)$ : $\mathbb{R}arrow \mathbb{R}^{3}$ 3 Euclid $\mathbb{R}^{3}$
$l>0$
$($ 1.1 $)$ $\gamma(s+l)=\gamma(s)$ $(s\in \mathbb{R})$
$\gamma:\mathbb{S}^{1}arrow \mathbb{R}^{3}$ $(\mathbb{S}^{1}:=\mathbb{R}/l\mathbb{Z})$
$\gamma$ $\gamma’(s)$ $:=d\gamma/ds$ $\mathbb{S}^{1}$
$\gamma$ $\gamma$
$\mathbb{R}^{3}$ $C^{\omega}$ - ( ) $\gamma$
$K=K(s):\mathbb{S}^{1}arrow(-\infty,0)$





[3] $)$ . Gauss Chicone-Kalton [2], $R\emptyset gen[8]$
[5] [5] $r_{\gamma}$
Gauss
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1. $\gamma$ $\mathbb{R}^{3}$
$\gamma_{0}(\mathcal{S}):=(\cos s, \sin s, 0) (s\in \mathbb{R})$
$\gamma$ Gauss $K(s)=-1$
$(s\in \mathbb{S}^{1})$ 1 4
$-1/2,0,1/2,1$ 2
$F_{0}(s, u):=\gamma_{0}(s)+u(\sin s, -\cos s, 1) (s\in \mathbb{R}, |u|<1/5)$ ,
4
$F_{1}(s, u)=\gamma_{0}(\mathcal{S})+u(-\cos^{2}s, -\cos s\sin \mathcal{S}, \sins)$ $(s\in \mathbb{R}, |u|<1/5)$ ,
3
$F_{1/2}(s, u)=\gamma_{0}(s)+u\xi(s) (s\in \mathbb{R}, |u|<1/5)$
$\xi(s):=p(\mathcal{S})e(s)+\cos\theta(s)n(s)+\sin\theta(s)b(s)$ ,
$p(s):= \frac{-1+\cos s}{2\sin\theta(s)}, \theta(s):=\frac{s+\sin s}{2}$










$\gamma(s)$ $:=( \cos s-\frac{1}{10}\cos t\cos 5s, \sin s-\frac{1}{10}\cos 5s\sin s, -\frac{1}{10}\sin 5s)$
$\gamma(s)$ Gauss $K(\mathcal{S})=-1$
$(s\in \mathbb{S}^{1})$ 2 $\gamma$ 2















$\epsilon>0$ $(\mathbb{R}^{2};s, u)$ $s$-
$\mathbb{R}\cross(-\epsilon, \epsilon)$
$(s, u)\sim 1(s+l, -u) (s\in \mathbb{R}, |u|<\epsilon)$
$\sim 1,$
$(s, u)\sim 2(s+l, u) (s\in \mathbb{R}, |u|<\epsilon)$
$\sim 2$ $M_{i}:=\mathbb{R}\cross(-\epsilon, \epsilon)/\sim i(i=1,2)$
$M_{1}$ (resp. $M_{2}$ ) M\"obius (resp.





$M$ $B$ 2 1
$\gamma$
$F$
Mtn$(F)$ $:= \frac{1}{2}$Link$(\gamma, B)\in(1/2)\mathbb{Z}$
(cf. [8, Definition 3], [4]). $B$ $\gamma$







$\mathbb{R}^{3}$ $\mathbb{R}\ni t\mapsto(\cos t,\sin t,t)\in \mathbb{R}^{3}$
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$n$ $\gamma$ $\epsilon>0$ 2
$\gamma(\mathcal{S}),$ $\gamma(s)+\epsilon n(s),$ $(s\in \mathbb{S}^{1})$
$\gamma$ $SL$ $(\gamma)$
([5]). $K=K(s)$ : $\mathbb{S}^{1}arrow(-\infty, 0)$ $C^{\omega}$-
$b_{K}^{-}(s):=-\mathcal{T}(\mathcal{S})-\sqrt{|K(\mathcal{S})|},$ $b_{K}^{+}(s):=-\mathcal{T}(\mathcal{S})+\sqrt{|K(s)|}$ $(s\in \mathbb{S}^{1})$
$b_{K}^{-}(\mathcal{S})$ (resp. $b_{K}^{+}$ ) $B_{K}^{-}$ (resp. $B_{K}^{+}$ )
$I_{K}$
$I_{K};=(B_{K}^{-}, B_{K}^{+})$
(1) $I_{K}\subset(0, \infty)$ $n\geq$ $SL$ $(\gamma)(n\in(1/2)\mathbb{Z})$
$\gamma$
$C^{\omega}$ $F$ $\gamma(s)$ $F$ Gauss
$K(s)$ , $n$ $n<SL(\gamma)$
(2) $0\in I_{K}$ $n\in(1/2)\mathbb{Z}$ $\gamma$ $C^{\omega}$
$F$ $\gamma(s)$ $F$ Gauss $K(s)$ , $n$
(3) $I_{K}\subset(-\infty, 0)$ $n\leq$ $SL$ $(\gamma)(n\in(1/2)\mathbb{Z})$
$\gamma$
$C^{\omega}$ $F$ $\gamma(s)$ $F$ Gauss
$K(\mathcal{S})$ , $n$ $n>$ $SL$ $(\gamma)$




$F=F(s, u)$ : $Marrow \mathbb{R}^{3}$ $\gamma$
$\gamma$ C$\omega$ - $\xi(s)$ $F$ C$\omega$ -
$\eta(s, u)$
$($4.1 $)$ $F(s, u)=\gamma(s)+u\xi(s)+u^{2}\eta(s, u)$ $(s\in \mathbb{R}, |u|<\epsilon)$
$F$ $M=M_{1}$
(resp. $M=M_{2}$ )
$\xi(\mathcal{S}+l)=-\xi(s)$ , $\eta(s+l, u)=\eta(s, -u)$ $(s\in \mathbb{R}, |u|<\epsilon)$
$(resp.$ $\xi(s+l)=\xi(s)$ , $\eta(s+l, u)=\eta(s, u)$ $(s\in \mathbb{R}, |u|<\epsilon))$
$\epsilon>0$ $F(s, u)$






$($4.3 $)$ $|\gamma’(s)\cross\xi(s)|=1$ $(s\in \mathbb{R})$
$\gamma(s)$
$F$ Gauss $K(s)$
(4.4) $K=2\det(\gamma’, \xi, \gamma")\det(\gamma’, \xi, \eta_{0})-\det(\gamma’, \xi, \xi’)^{2}$
$\eta_{0}(s)$ $:=\eta(s, 0)(\mathcal{S}\in \mathbb{R})$ (4.3)
$\xi(s)$ $\gamma$ Frenet $\{e, n, b\}$
(4.5) $\xi(s)=p(s)e(s)+\cos\theta(s)n(s)+\sin\theta(s)b(s)$
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$p(s),$ $\theta(s)$ $C^{\omega}$- $m\in \mathbb{Z}$
$($4.6 $)$ $p(s+l)=(-1)^{m}p(s)$ , $\theta(s+l)=\theta(s)+m\pi$
$m$ Mtn$(F)$ $m$
(4.7) Mtn$(F)=$ $SL$ $( \gamma)+\frac{m}{2}$
(4.5) (4.4)
(4.8) $K=-q\kappa\sin\theta-(\theta’-p\kappa\sin\theta+\tau)^{2}$
(4.9) $q(s):=2\det(\gamma’(s), \xi(s), \eta_{0}(s))$
$C^{\omega}$- $K=K(s):\mathbb{S}^{1}arrow(-\infty, 0)$ $n\in(1/2)Z$
$m:=2(n- SL(\gamma))\in \mathbb{Z}$ (4.7)
$C^{\omega}$ - $p(s),$ $q(s),$ $\theta(s)$ (4.6)






$\eta(s, u);=\frac{q(s)}{2}\gamma’(s)\cross\xi(s) (s\in \mathbb{S}^{1}, |u|<\epsilon)$
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(4.8) (4.9) (4.1) $F$
$n$ $\gamma(s)$ $\gamma(s)$ Gauss
$K(s)$ $C^{\omega}$ - $K$ (4.6), (4.10), (4.11)













$n=$ $SL$ $(\gamma)$ Yes
(1) (3)
3. $K$ $I_{K}$ $I_{K}$
$(0, \infty)$ $n<$ $SL$ $(\gamma)$ $K$ $\gamma$ $C^{\omega}$
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$n$ $I_{K}\subset$ $(-\infty, 0)$
$n>$ $SL$ $(\gamma)$
$I_{K}\subset(0, \infty)$ $n<SL(\gamma)$ $(resp. I_{K}\subset(-\infty, 0)$ $n>$
$SL(\gamma))$ No $\gamma$ $n$
$n$
$(\pm 1/2, \pm 3/2, \pm 5/2, \cdots)$ $r_{\gamma}$ M\"obius
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